Background: No comprehensive short-form health literacy (HL) survey tool has been available for general use across Asia. Objective: This study aimed to develop and validate a short-form HL instrument derived from the 47-item European Health Literacy Questionnaire (HLS-EU-Q47). Methods: A population survey (N = 10,024) was conducted from 2013 to 2015 using the HLS-EU-Q47 in 1,029 participants from Indonesia, 1,845 from Kazakhstan, 462 from Malaysia, 1,600 from Myanmar, 3,015 from Taiwan, and 2,073 from Vietnam. Validation of the short form was evaluated by principle component analysis, internal consistency, Pearson correlation, and regression analysis. Key Results: Based on responses from six countries, a 12-item short-form HL questionnaire (HLS-SF12) was developed, retaining the conceptual framework of the HLS-EU-Q47 and accounting for the high variance of the full-form (i.e., 90% in Indonesia, 91% in Myanmar, 93% in Malaysia, 94% in Taiwan, and 95% in both Kazakhstan and Vietnam). The HLS-SF12 was demonstrated to have adequate psychometric properties, including high reliability (Cronbach's alpha = .85), good criterion-related validity, a moderate and high level of item-scale convergent validity, no floor or ceiling effect, and good model-data-fit throughout the populations in these countries. Conclusions: The HLS-SF12 was shown to be a valid and reliable tool for HL surveys in the general public in six Asian countries. 
The purpose of health literacy (HL) is to help people make health-related decisions and take appropriate actions to manage their health (Sørensen et al., 2012) . The ability to find, understand, appraise, and apply information related to health is essential in medical services, and it is also important in disease prevention and health promotion (Sørensen et al., 2012) . Strengthening HL is seen as a solution to increase the compliance and adherence of people with both medication and nonmedication regimens in chronic and acute diseases (Miller, 2016) , to empower disease self-management skills (Mackey, Doody, Werner, & Fullen, 2016) , and to guarantee the behavior changes (Duong, Sørensen, et al., 2018; Guntzviller, King, Jensen, & Davis, 2016; Yokokawa et al., 2016) . Therefore, it is important for health care providers to quickly evaluate and understand people's HL comprehensively to facilitate effective interventions and improve health outcomes.
The 47-item European Health Literacy Questionnaire (HLS-EU-Q47) was developed (Sørensen et al., 2013) , based on the comprehensive definition and conceptual model of HL (Sørensen et al., 2012) . The HLS-EU-Q47 had been demonstrated as a valid tool to assess HL of the general public in Tai-wan (Duong et al., 2015) , Japan (Nakayama et al., 2015) , eight European countries (HLS- EU Consortium, 2012; Pelikan & Ganahl, 2017; Sørensen et al., 2015) , and six Asian countries (Duong, Aringazina, et al., 2017) .
The purpose of the HLS-EU-Q47 was to study the various dimensions of HL in depth, so it has many questions. It was not developed as a quick screening tool. Several shortform questionnaires were developed to provide quicker assessment of HL of study participants, including the Short Test of Functional Health Literacy in Adults (S-TOHFLA) (Baker, Williams, Parker, Gazmararian, & Nurss, 1999) , the Rapid Estimate of Adult Literacy in Medicine-Revised (REALM-R) (Bass, Wilson, & Griffith, 2003) , as well as the short-form Mandarin Health Literacy Scale (SHEAL), which is being used in clinical and research settings (Lee, Tsai, Tsai, & Kuo, 2012) . These short-form questionnaires have certain advantages and disadvantages, such as not including the comprehensive aspects of HL. A comprehensive short-form was validated for the general public in Taiwan (Duong, Chang, et al., 2017 ), but was not available for the general public or general publication in other Asian countries. Therefore, it is important to develop and validate a comprehensive short-form questionnaire based on the HLQ-EU-Q47 data that could be conducted in the general public in six Asian countries with the hope that it could be used to screen for HL in Asia.
OBJECTIVE
The aim of this study was to develop and validate a shortform HL questionnaire from the HLS-EU-Q47 in six Asian countries.
METHODS

Sources of Data
This study used data from a cross-sectional survey in six Asian countries using the HLS-EU-Q47. It was conducted among people age 15 years and older, between the years of 2013 and 2015, and by different multistage sampling methods with different population structures (Duong, Aringazina, et al., 2017) . The overall samples of 10,024 participants were included in the analysis, including 1,029 from Indonesia, 1,845 from Kazakhstan, 462 from Malaysia, 1,600 from Myanmar, 3,015 from Taiwan, and 2,073 from Vietnam (Duong, Aringazina, et al., 2017 
Instruments
HL was measured by the HLS-EU-Q47 (Sørensen et al., 2013) . The perceived difficulty of each health-related task was rated on 4-point Likert scales (1 = very difficult, 2 = difficult, 3 = easy, and 4 = very easy), which were translated and validated in Asian countries (Duong, Aringazina, et al., 2017) .
The HL matrix was constructed from 4 steps of information processing (finding health information, understanding health information, judging health information, applying health information) in three health domains (health care, disease prevention, health promotion), which created a total of 12 dimensions or components of HL (Sørensen et al., 2012) . The combination of 47 items that comprised the indices, including a general HL index consisting of all the items, three subindices covering three domains of health, four subindices covering 4 stages of information processing, and 12 specific sub-subindices corresponding to 12 single cells in the matrix (HLS- EU Consortium, 2012) . The general HL index and three subindices according to health care, disease prevention, and health promotion were commonly used in European countries (HLS- EU Consortium, 2012) , and Asian countries (Duong, Aringazina, et al., 2017; Nakayama et al., 2015) .
The HL indices were standardized to unified metrics from 0 to 50 using the formula [index = (mean -1) × (50/3)], in which the Index was the specific index calculated, Mean was the mean of all participating items for each person, 1 was the minimal possible value of the mean (leading to a minimum value of the index of 0), 3 was the range of the mean, and 50 was the chosen maximum value of the new metric. An index value was thus obtained in which 0 represented the lowest HL and 50 the highest HL (HLS- EU Consortium, 2012) .
Statistical Analyses
The short-form HL questionnaire was developed using data collected in Taiwan and further validated using datasets from six Asian countries (Figure 1) . Because validation of a short-form test should be conducted independently using independent subject samples (Coste, Guillemin, Pouchot, & Fermanian, 1997; Goetz et al., 2013) , the samples from Taiwan were randomly split into two groups: sample N 1 = 1,514; and sample N 2 = 1,501.
Short-form development
Principal component analysis. The Kaiser-Meyer Olkin Measure (KMO) of sampling adequacy was employed to determine the suitability of the data for factor analyses and was set to be >.60, whereas Bartlett's test of sphericity was set to <.05. These measures demonstrated a sufficient sample size and indicated adequate correlations between the variables, so the variables could be reduced to a smaller number of components (Kaiser, 1974) . To determine the numbers of components to be retained, an updated guideline for shortening scales by Goetz et al. (2013) was employed to take the conceptual model into account. The 12 components, representing 12 dimensions of the HL conceptual model, were retained purposely in the principal component analysis (PCA), whereas the oblique rotation (i.e., promax) was recruited (Field, 2013) .
Linear regression analyses. The use of regression analysis for developing the short-form questionnaire was applied in previous studies (Campbell et al., 2014; Jones, Brennan, Parker, & Jamieson, 2014) It had been suggested that an equal number of HL items in each component/subdomain could contribute to a more stable measure and enhance internal consistency (Goetz et al., 2013; Kimberlin & Winterstein, 2008) . In addition, the number of items in the short form was expected to be less than or equal to one-half of the items in its full-form (Goetz et al., 2013) . Therefore, the selected 24 items with the high-est factor loadings from the 12 components were analyzed by linear regression model to estimate the standardizedcoefficient values (24 items were treated as independent variables, and HL index of 47 items was treated as the dependent variable). This set of 24 items was named as subset A. Two subsets with 12 items were developed; one was selected by factor loading only (subset B), and the other was selected first by factor loading and further by the standardized-coefficient values (subset C). Two linear regressions were conducted to examine how much variance of the full-form scale could be accounted for separately by the two selected item subsets (two sets of 12 items [subset B and subset C] were treated as independent variables and HL index of full-form was treated as dependent variable) to get the adjusted R 2 values that explained the variance of the full form.
Psychometric properties of the short-form health literacy questionnaire
Item-scale convergent validity. This was examined by the correlation between the items and their own theoretical scale (Hays & Hayashi, 1990) , and was determined by the Pearson correlation coefficient. In this study, the correlation between HL items and their sub-HL indices was examined.
Criterion-related validity analysis. The correlation between short form and full form was examined by Pearson correlation, which provided evidence of criterion-related validity (Kimberlin & Winterstein, 2008) .
Construct validity. Confirmatory factor analyses (CFA) were used to examine the model-fit-indices of the threefactor model. The items representing 12 dimensions/components of HL loaded into three health domains as three factors in the CFA were health care, disease prevention, and health promotion.
Reliability analysis. Internal consistency was tested with Cronbach's alpha value designated ≥.70 for satisfactory reliability (Cronbach & Shavelson, 2004) .
Floor and ceiling effects analyses. Due to the scale of the survey, floor and ceiling effect analyses were limited in their responsiveness. The floor or ceiling effects referred to a high percentage of participants scoring the possible lowest score or achieving the possible highest score, respectively. Therefore, minimal floor and ceiling effects were recommended for the HLS-EU-Qs scales, and ≥15% at floor or ceiling levels was considered a significant effect (Terwee et al., 2007) .
All statistical analyses were performed using the SPSS Version 20, and Amos version 22. The significance level was set at p < .05. The statistical strategy is illustrated in Figure 1 .
RESULTS
Development of the New Short-Form Health Literacy Questionnaire
In the current study, a PCA was conducted on the first dataset in Taiwan (N 1 = 1,514) with oblique rotation (promax) method (Field, 2013) . The KMO value was .96 for the whole scale at a satisfactory level (Hutcheson & Sofroniou, 1999) , whereas the KMO values for individual items were >.90, which is also well above the acceptable limit of .50. The results indicated the adequacy of sample sizes for the analysis (Field, 2013) .
The PCA was performed to obtain an eigenvalue of each component in the survey data based on the conceptual framework of HL (Goetz et al., 2013; Sørensen et al., 2012) and to maintain the 12 components, which explained 67.3% of the variance. The eigenvalues of the 12 components before oblique rotation ranged from 0.78 to 16.56. After oblique rotation (promax), the eigenvalues ranged from 5.48 to 9.99, with the factor loadings of these selected items shown in Table 1 . The average communality value of .67 was greater than the required value of .60, demonstrating satisfactory approach (Field, 2013) . In addition, positive correlations were observed between 12 components (from .24 to .55), which indicated that the promax rotation method was used properly (Field, 2013) .
The subset A contained 24 items with the highest factor loadings ( Table 1 ) and included HLS-EU-Q47 items 1, 2, 5, 6, 10, 12, 14, 15, 17, 18, 21, 23, 25, 26, 30, 31, 33, 34, 38, 39, 42, 43, 45, and 46 . The subset B contained 12 items of the short form selected by the highest factor loadings in each component and included HLS-EU-Q47 items 2, 5, 10, 15, 18, 21, 26, 31, 33, 38, 42, and 45. Linear regression analysis was conducted on 24 items with those of high factor loading values in subset A. The standardized-coefficient values were obtained to make a more stringent selection, resulting in subset C, which included HLS-EU-Q47 items 2, 6, 10, 15, 18, 23, 26, 30, 33, 39, 43, and 45 (Table 1) .
The results showed that the 24-item short-form (i.e., subset A) explained 97% of the variance of the full-form (R 2 = .97), whereas the 12-item short form selected by factor loading (subset B) explained 92% (R 2 =.92), and the 12-item short form selected by factor loading and standardized-coefficient values (subset C) explained 94% (R 2 = .94) ( Table 1) . The subset C with these specifically selected 12 items was then named the Health Literacy Short-Form 12 (HLS-SF12), which retained 12 dimensions of the conceptual framework and explained more variance of the full form (94%) than subset B (92%). The HLS-SF12 was shown to explain 94% of the variance of the full form, which is only 3% less than the 24-item subset A (which had 97% variance). Because of the significant reduction in number of question items, and its representativeness of the full form, the HLS-SF12 was chosen for further empirical psychometric testing.
Validation of the HLS-SF12
Psychometric analyses were performed on the second Tai . All of these items were shown with the satisfactory criterion of item-scale convergent validity (average item-scale correlation ranged from .59 to .80) ( Table 2) . Internal consistency of HLS-SF12 was satisfied with Cronbach's alpha values from .79 in Indonesia to .90 in Kazakhstan, and there was no floor or ceiling effect, as the percentages of people with the lowest scores or the highest scores of HL at floor or ceiling were less than 15%. The percentage of the score at floor ranged from 0.1% to 0.3%, and ceiling ranged from 1.9% to 9.5% for overall HLS-SF12 scale and its subscales ( Table 2) .
The HLS-SF12 index score was calculated by the same formula as the full form (HLS-EU Consortium, 2012), which provided HLS-SF12 index scores of 30.5 ± 6.4 in Indonesia, 31.6 ± 9.5 in Kazakhstan, 32.7 ± 7.9 in Malaysia, 29.2 ± 9.3 in Myanmar, 34.3 ± 6.9 in Taiwan, and 29.5 ± 9.5 in Vietnam. The correlation between HL index scores of HLS-SF12 and HLS-EU-Q47 by the Pearson correlation coefficient was satisfactory with rho-value of .97 in Taiwan, .94 in Indonesia, .97 in Kazakhstan, .96 in Malaysia, .95 in Myanmar, and .97 in Vietnam, which indicated satisfactory criterion-related validity. The variance of the full form was explained by the HLS-SF12, with 90% in Indonesia, 91% in Myanmar, 93% in Malaysia, 94% in Taiwan, 95% in Kazakhstan, and 95% in Vietnam.
Finally, the construct validity was analyzed by CFA with maximum likelihood algorithm estimation (Kline, 2013) . The root mean square error of approximation (RMSEA) value of goodness-of-fit indices (GFI) for HLS-SF12 was The short form was selected by factor loading only. c The short form was selected by factor loading and standardized coefficient values.
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≤.06, and GFI, adjusted GFI, confirmatory fix index, incremental fit index, and normed fit index ranged from .92 to .98 for six Asian countries (Table 3) , which indicated good model-data-fit (Floyd & Widaman, 1995) . The correlations among the three HL domains health care, disease prevention, and health promotion were significantly strong with values ranging from .71 to .96 (Figure 2 ).
DISCUSSION
Development of the New Short-Form Health Literacy
Questionnaire PCA is one of the methods of choice to reduce the number of items of an instrument by eliminating specific items with low factor loading (Goetz et al., 2013) . In our study, PCA was used to develop a scale to measure what needed to be measured, instead of measuring what respondents know about in the item response. In addition, HL was measured as the ability needed to help people improve their health (Sørensen et al., 2012) . Therefore, the PCA was used adequately in this study. Based on the results of PCA using data collected in Taiwan, a short-form HLS-EU with 12 items, named HLS-SF12, was developed by selection through factor loading and standardized-coefficient values while maintaining the 12 dimensions/components of the comprehensive HL model (Sørensen et al., 2012) . The strength of HLS-SF12 as compared with HLS-EU-Q16 was that HLS-SF12 covered 12 dimensions of health literacy with 12 questions, and the Note. DP-HL = disease prevention health literacy; Gen-HL = general health literacy; HC-HL = health care health literacy; HL-SF12 = 12-Item Short-Form Health Litearcy Survey Questionnaire with 12 items; HP-HL = health promotion health literacy.
4-point Likert scale responses could be transformed into HL indices from 0 to 50. The HLS-EU-Q16, which was also derived from the HLS-EU-Q47, covered 11 of the 12 dimensions but with more questions, and the responses were transformed into "yes" or "no" and scored from 1 to 16, which might increase the measurement bias (Pelikan, Rothlin, Ganahl, & Peer, 2014) . Therefore, we feel that the HLS-SF12 could be a useful tool in an Asian context.
Validation of the HLS-SF12
The HLS-SF12 was as valid as the HLS-EU-Q47 in detecting differences among subgroups of the population with levels of HL. In addition, HLS-SF12 was strongly correlated with the HLS-EU-Q47, with adequate evidence of criterion-related validity (Kimberlin & Winterstein, 2008) . The HLS-SF12 was shown with the satisfactory criterion of item-scale convergent validity, with all items correlated with their own scales at a value of > .40 (Hays & Hayashi, 1990) . It illustrated good model-data-fit (Floyd & Widaman, 1995) , which supported a hypothetical construct of HLS-SF12 in different countries.
The HLS-SF12 also showed high internal consistency, with the Cronbach's alpha value similar with those in the original HLS-EU survey (Cronbach's alpha = .87~.97) (HLS- EU Consortium, 2012) , and in Taiwan (Cronbach's alpha = .96) (Duong et al., 2015) . This suggested that these items were homogenous in reflecting the HL of these participants. In addition, there was minimal floor/ceiling effect to show the robust reliability of those subscales (Terwee et al., 2007) .
In comparison with other short-form tools for HL, the HLS-SF12 was shorter than 26-item S-TOFHLA (Baker et al., 1999) , and HLS-EU-Q16 (Pelikan, Rothlin, Ganahl, & Peer, 2014) , but a bit longer than HLS-EU-Q6 (Pelikan et al., 2014) , the 8-item REALM-R (Bass et al., 2003) , and the 11-item SHEAL in Taiwan (Lee et al., 2012) . Most importantly, HLS-SF12 was able to maintain the theoretical framework and comprehensive construct of the HLS-EU-Q47 (Sørensen et al., 2012) . Overall, the HLS-SF12 was able to explain 94% of the variance of the HLS-EU-Q47 full-form in Asian countries, which is slightly higher than 92% of the HLS-EU-Q16 in European countries. This may be caused by an equal number of items of the HLS-SF12 in each component that could provide stable measurement and enhance internal consistency (Goetz et al., 2013; Kimberlin & Winterstein, 2008) . On the other hand, HLS-SF12 could better represent the theoretical construct of HL in all of the 12 dimensions. Moreover, HLS-SF12 could possibly provide a reliable indicator for its general HL, and the three indices for three highly correlated dimensions of HL (health care, disease prevention, and health promotion), as well as the indices for four competencies of information processing. This could serve different interests of health care providers when assessing HL in the public.
Finally, in this analysis, HLS-SF12 was comparable with the HLS-EU-Q47 in illustrating the slight differences in HL in several Asian countries. The HL levels measured by the HLS-SF12 and HLS-EU-Q47, respectively, ranged from scores of 29.5 ± 9.5 vs. 29.6 ± 9.1 in Vietnam, 29.2 ± 9.3 vs. 31.3 ± 8.7 in Myanmar, 30.5 ± 6.4 vs. 31.4 ± 5.8 in Indonesia, Note. χ 2 /df = relative chi-square; AGFI = adjusted goodness-of-fit index; CFI = comparative fit index; GFI = goodness-of-fit index; IFI = incremental fit index; NFI = normal fit index; RMSEA = root mean square error of approximation. a Structure equation model of health literacy with 12 selected items from 12 conceptual components loading into three domains of health (health care, disease prevention, and health promotion). On a scale from very easy to very difficult, how easy would you say it is to: 2_2 …find information on treatments of illnesses that concern you? 2_6 …understand the leaflets that come with your medicine? 2_10 …judge the advantages and disadvantages of different treatment options? 2_15 …call an ambulance in an emergency? 2_18 …find information on how to manage mental health problems like stress or depression? 2_23 …understand why you need health screenings (such as breast exam, blood sugar test, blood pressure)? 2_26 …judge which vaccinations you may need? 2_30 …decide how you can protect yourself from illness based on advice from family and friends? 2_33 …find out about activities (such as meditation, exercise, walking, Pilates etc. ) that are good for your mental well-being? 2_39 …understand information in the media (such as Internet, newspaper, magazines) on how to get healthier? 2_43 …judge which everyday behavior (such as drinking and eating habits, exercise etc.) is related to your health? 2_45 … join a sports club or exercise class if you want to?
31.6 ± 9.5 vs. 31.6 ± 9.3 in Kazakhstan, 32.7 ± 7.9 vs. 32.9 ± 7.2 in Malaysia, and 34.3 ± 6.9 vs. 34.4 ± 6.6 in Taiwan (Duong, Aringazina, et al., 2017) . The HLS-SF12 was developed and validated across several countries in Asia using three-factor models based on the conceptual framework of HL, and specifically on three dimensions of health. The measurement invariance in different groups was also examined previously (Sudbury-Riley, FitzPatrick, & Schulz, 2017) . The metric invariance was not investigated using the singlefactor model in the current study. However, the scale homogeneity was supported by the item-scale correlation, floor and ceiling effects ( Table 2) , and inter-factor correlations in the CFA shown in Figure 2 . This was mentioned in a previous study on measurement invariance of the HL questionnaire (Elsworth, Beauchamp, & Osborne, 2016) .
STUDY LIMITATIONS
The development and validation of the short form based on a single cross-sectional survey conducted on a population in Taiwan and other Asian countries may pose restrictions on the external validity and reproducibility. However, it is common to develop and test single samples in instrument development and testing (Norris & Lecavalier, 2010) , including several other cross-sectional studies on the development of short-forms (Coste et al., 1997; Li & Lopez, 2007; Norris & Lecavalier, 2010) . On the other hand, it would be necessary to further validate the HLS-SF12 by other advanced study designs.
CONCLUSION
The HLS-SF12 was developed and based on the HLS-EU-Q47. The HLS-SF12 maintained all the 12 components and presented the original conceptual dimensions of the HLS-EU-Q47 with good validity. We feel it would be useful for easy and accurate assessment of HL in larger populations or clinical settings in Asia.
